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(54) Device for compensating polarization mode dispersion in an optical communication system 



(57) PMD compensation circuits (13, 30, 40, 50, 60) 
which compensate polarization mode dispersion for one 
or more repeated spans are provided on an optical 
transmission line (11) having one or more optical repeat- 
er amplifiers (12). The polarization mode dispersion 
which occurs in the optical transmission line (1 1 ) of the 



repeated spans is compensated using these compen- 
sation circuits (13, 30, 40, 50, 60). Power polarization 
coupling is weak on the optical transmission line (11) of 
the repeated spans, further, only polarization mode dis- 
persion where an influence of a non-linear optical effect 
can be ignored occurs. As a result, the polarization 
mode dispersion can be compensated securely. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an optical 
transmission system which compensates polarization 
mode dispersion characteristic which deteriorates the 
quality of a transmission signal when super-high speed 
super-long distance optical transmission is carried out 

BACKGROUND OF THE INVENTION 

[0002] When light passes through a substance having 
different refractive indexes, propagation speed of the 
light in the substance varies with the refractive indexes. 
Moreover, when a polarization direction of the incident 
light varies, the propagation of the light iiva material with 
various refractive index (that Is. anisotropic material) 
causes a phenomenon that delay time after passing the 
material varies according to a state of polarization in the 
material. Difference in the delay time of the light polar- 
ized in the respective polarization directions in the ma- 
terial is called a polarization mode dispersion (hereinaf- 
ter, referred to as "PMD"). 

[0003] In general, slight anisotropy occurs locally 
along a longitudinal direction of a single mode fiber 
which is used on an optical transmission line. When light 
propagates through such a fiber, a difference in delay 
which depends on the polarization direction of a lightsig- 
nal occurs in a portion of the light signal where the ani- 
sotropy occurs. When the difference in delay caused by 
the difference in polarization is accumulated in the op- 
tical transmission line, deterioration of a signal wave- 
form is experienced at the receiving terminal. 
[0004] Fig. 1 4 is a diagram showing a relationship be- 
tween PMD of the optical transmission line which caus- 
es 1dB penalty in the optical transmission of an NRZ 
(Non-Return to Zero) signal whose pulse width is equal 
to a pulse interval and an optical transmission speed (bit 
rate). The relationship shown in Fig. 14 is obtained 
based on the equations described in "Fading in Light- 
wave Systems Due to Polarization-Mode Dispersion" 
(C. D. Poole, R. W. Tkach, A. R. Chraplyvy, and D. A. 
Fishman, IEEE Photonics Technology Letters, Vol. 3, 
No. 1, January 1991, pp. 68-70). 
[0005] In the above reference, the relationship be- 
tween Ax (that is, amplitude of PMD) when power pen- 
alty is deteriorated by 1 dB and a pulse width T of the 
NRZ signal (= 1/B: "B" is a bit rate) has been represented 
as follows: 

At /T =0.4 (1) 

When the relationship between At when the power pen- 
alty is deteriorated by 1 dB and the bit rate B of the NRZ 
signal is obtained based on the equation (1), the result 
shown in Fig. 14 is obtained. As a result, when the NRZ 



signal of 40 Gbit/s, for example, is transmitted optically, 
PMD of the optical transmission line should be re- 
strained to not more than 1 0 ps. 
[0006] Meanwhile, the actual optical transmission line 

5 has PMD of about 0.1 psA 1 distance (km) on an average 
even in the case of fiber of low PMD. This means that 
PMD of about 10 ps occurs after every 10000 km. Fur- 
ther, PMD in the optical transmission line has a charac- 
teristic that PMD fluctuates with time. Therefore, after 

10 optical fiber is installed, PMD should be compensated 
according to the time fluctuation of PMD. 
[0007] A PMD compensation circuit shown in Fig. 15, 
for example, is used to compensate PMD. As shown in 
Fig. 15, while a light signal transmitted from a transmitter 

is 10 is propagating through an optical transmission line 
11 , waveform distortion occurs in the light signal due to 
PMD. A part of the optical signal is. fetched by an optical 
tap 24 through the optical transmission line 11 just be- 
fore it is input into a receiver 14. A PMD detector 23 

20 detects PMD in this optical signal. A value of PMD de- 
tected by the PMD detector 23 is input into a control cir- 
cuit 22. The control circuit 22 determines an amount of 
compensation with respect to the detected PMD and 
outputs the compensation amount to a PMD compen- 

25 sation optical circuit 21 . The PMD compensation optical 
circuit 21 compensates for the PMD in the optical signal 
on the optical transmission line 11 and outputs the light 
signal to a lower stream side of the optical transmission 
line 11 . As a result, the receiver 14 receives the optical 

30 signal whose PMD has been compensated. 

[0008] Japanese Patent Application Laid-Open (JP- 
A) No. 7-231 297 discloses a polarization mode disper- 
sion compensation apparatus which is inserted into an 
optical transmission line and compensates PMD. In this 

35 polarization mode dispersion compensation apparatus, 
a light signal with PMD is received via an equalizing op- 
tical circuit, and a code string is once identified. Then, 
the signals before and after the code string identification 
are compared. A difference signal is obtained, the dif- 

40 ference signal is rectified and integrated so that an 
equalizing error signal is generated. Parameters) of the 
equalizing optical circuit is changed slightly and a direc- 
tion in which the equalizing error signal decreases is 
found. Parameter control is repeated by a control loop 

45 so that the equalizing error signal is made to be minimal 
automatically, and as a result quality deterioration of the 
light signal due to PMD becomes minimal. 
[0009] When polarization mode coupling on the opti- 
cal transmission line 11 is weak and an influence of a 

50 non-linear optical effect on the optical transmission line 
11 is weak, as shown in Fig. 15, PMD just before the 
receiver 1 4 can be compensated collectively. However, 
when the polarization mode coupling is great and when 
the influence of the non-linear optical effect cannot be 

55 ignored, then even if the difference in delay between the 
polarization modes due to PMD on the optical transmis- 
sion line 11 occurs only once, the degree of the non- 
linear optical effects respectively of the polarization 
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modes varies. Moreover, since the coupling of powers 
between the polarization modes occurs, the light signal 
waveforms of the polarization modes are different from 
each other. Accordingly, even if PMD is compensated 
collectively just before the receiver 14, there is a prob- 
lem that it is difficult to reproduce the light signal wave- 
form. 

[001 0] When the light signal is a light wavelength mul- 
tiplex signal, it is necessary to provide a certain number 
of PMD compensation circuits according to the wave- 
length multiplex number. Forthis reason, miniaturization 
of the PMD compensation circuit is desired. 

SUMMARY OF THE INVENTION 

[001 1 J It is an object of the present invention to obtain 
an optical transmission system which is capable of re- 
producing a light signal waveform by compensating 
PMD securely and to obtain a miniaturized configuration 
for compensation of PMD. 

[001 2] In order to achieve the above object, an optical 
transmission system according to one aspect of the 
present invention having one optical repeater amplifiers 
on an optical transmission line between an optical trans- 
mitter and an optical receiver, is characterized by com- 
prising a compensation unit which compensates polar- 
ization mode dispersion for not less than one repeated 
spans. 

[001 3] According to the above invention, the compen- 
sation unit, which compensates polarization mode dis- 
persion for one or more repeated spans on the optical 
transmission line having one or more optical repeater 
amplifiers, is provided. The polarization mode disper- 
sion which occurs between the optical transmission 
tines of the repeated spans is compensated using this 
compensation unit. Thus, the power coupling between 
the polarization modes between the optical transmis- 
sion lines of the repeated spans becomes weak, and 
only the polarization mode dispersion such that influ- 
ence of a non-linear optical effect can be ignored occurs. 
Accordingly, the polarization mode dispersion can be 
compensated securely. 

[0014] An optical transmission system according to 
another aspect, of the present invention having one or 
more optical repeater amplifiers on an optical transmis- 
sion line between an optical transmitter and an optical 
receiver, is characterized by comprising a compensa- 
tion unit which compensates polarization mode disper- 
sion for each distance range of the optical transmission 
line where polarization mode dispersion can be com- 
pensated according to a degree of polarization mode 
coupling. 

[0015] According to the above invention, a compen- 
sation unit is provided for each optical transmission dis- 
tance range where the polarization mode dispersion can 
be compensated according to a degree of polarization 
mode coupling. The polarization mode dispersion which 
occurs on the optical transmission line is compensated 



securely using this compensation unit. 
[0016] Further, the compensation unit comprises a 
wavelength splitter, a polarization mode dispersion 
compensation unit, and a wavelength multiplexer. The 

5 wavelength splitter splits an input light wavelength mul- 
tiplex signal for each wavelength or channel. The polar- 
ization mode dispersion compensation units compen- 
sate polarization mode dispersion for light signals split 
by the wavelength splitter. The wavelength multiplexer 

10 multiplexes the light signals of each wavelength or chan- 
nel compensated by the polarization mode dispersion 
compensation units so as to output the multiplexed sig- 
nal. Accordingly, the polarization mode dispersion of the 
light wavelength multiplex signal can be compensated. 

*5 [0017] Further, the compensation unit comprises a 
wavelength splitter, a polarization mode dispersion 
compensation unit, and a wavelength multiplexer. The 
wavelength splitter splits an Input light wavelength mul- 
tiplex signal for block unit composed of predetermined 

20 wavelengths or channels. The polarization mode disper- 
sion compensation unit compensates polarization mode 
dispersion of the light signals in each block unit split by 
the wavelength splitter. The wavelength multiplexer 
multiplexes the light signals in each block compensated 

25 by the polarization mode dispersion compensation units 
so as to output the multiplexed signal. Accordingly, the 
polarization mode dispersion of the light wavelength 
multiplex signal can be compensated. 
[0018] Further, the compensation unit comprises a 

30 wavelength splitter, a first wavelength multiplexer, a po- 
larization mode dispersion compensation unit, and a 
second wavelength multiplexer. The wavelength splitter 
splits an input light wavelength multiplex signal for each 
wavelength or channel. The first wavelength multiplexer 

35 multiplexes the light signals for each wavelength or 
channel split by the wavelength splitter in predetermined 
blocks. The polarization mode dispersion compensation 
unit compensates polarization mode dispersion of the 
light signals multiplexed by the first wavelength multi- 

40 plexer. The second wavelength multiplexer multiplexes 
the light signals in each block compensated by the po- 
larization mode dispersion compensation units so as to 
output the multiplexed signal. Accordingly, the polariza- 
tion mode dispersion of the light wavelength multiplex 

4s signal can be compensated. In this case, the first wave- 
length multiplexer can multiplex the light signals having 
arbitrary combination of wavelengths or channels in the 
light signals in each wavelength or channel split by the 
wavelength splitter in block unit. For example, the light 

50 signals of non-adjacent wavelengths or channels can be 
collected in a block. 

[0019] Further, the first wavelength multiplexer multi- 
plexes light signals having the same polarization direc- 
tion in the light signals of each wavelength or channel 
55 split by the wavelength splitter in predetermined blocks. 
Accordingly, the polarization mode dispersion can be 
compensated in this predetermined block unit. 
[0020] Further, the compensation unit comprises a 
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wavelength splitter, a polarization synthesizing unit, a 
polarization mode dispersion compensation unit, and a 
second wavelength multiplexer. The wavelength splitter 
splits an input light wavelength multiplex signal for each 
wavelength or channel. The polarization synthesizing s 
unit multiplexes light signals having polarized light inter- 
secting perpendicularly to each other in the light signals 
for each wavelength or channel split by the wavelength 
splitter. The polarization mode dispersion compensation 
unit compensates polarization mode dispersion of the 10 
light signals multiplexed by the polarization synthesizing 
unit. The second wavelength multiplexer multiplexes the 
light signals for each block compensated by the polari- 
zation mode dispersion compensation units and outputs 
the multiplexed signal. Accordingly, the polarization is 
mode dispersion of the light wavelength multiplex signal 
can be compensated. In the case where light wave- 
length multiplex signals having wavelength or channel 
structure having orthogonal polarization directions are 
input, a polarization synthesizing unit collects wave- 20 
lengths or channels having orthogonal polarization di- 
rection in each block and synthesizes polarization. 
[0021] Further, the compensation unit is provided at 
the end or in a vicinity of the end of the optical transmis- 
sion line, namely, just before the optical receiver so as 25 
to compensate polarization mode dispersion which re- 
mains finally. 

[0022] Further, a polarization adjustment unit is pro- 
vided at the end or in a vicinity of the end of the optical 
transmission line. This polarization adjustment unit 30 
makes adjustment so that a light signal having a polar- 
ization state where quality deterioration of the light sig- 
nal at the end of the optical transmission line becomes 
minimal is input. 

[0023] Further the wavelength splitter, the first wave- 35 
length multiplexer, the second wavelength multiplexer, 
the wavelength multiplexer, the polarization mode dis- 
persion compensation units and the polarization synthe- 
sizing unit which compose the compensation units are 
connected by polarization maintaining fibers. Therefore, *o 
the polarization between the optical parts in the com- 
pensation unit is held. 

[0024] Further, the compensation unit or the polariza- 
tion mode dispersion compensation unit comprises an 
optical systems. Further, the optical receiver comprises 45 
a detector, and a plurality of control units. The optical 
receiver detects a polarization mode dispersion amount 
using the detection unit. The plurality of control units 
compensate a light delay difference corresponding to 
the polarization mode dispersion amount by means of 50 
the optical system of the compensation unit or the po- 
larization mode dispersion compensation units accord- 
ing to the polarization mode dispersion amount detected 
by the detector. Accordingly, the structures of the com- 
pensation unit or the polarization mode dispersion com- 55 
pensation unit arranged on the optical transmission line 
are miniaturized and simplified. 
. [0025] Further, an optical amplification polarization 



adjustment unit is provided. This optical amplification 
polarization adjustment unit adjusts a light signal so that 
the light signal has an optimal polarization direction cor- 
responding to a polarization direction of an optical am- 
plification pump laser in the optical repeater amplifier at 
the later stage. In other words, the light signal has a po- 
larization direction, intersecting perpendicularly to the 
polarization direction of the pump laser to be used in the 
optical amplifier at the later stage. The light amplification 
polarization adjustment unit synthesizes the polariza- 
tion and outputs the light signal to the optical repeater 
amplifier at the later stage. At least optical amplification 
of the optical repeater amplifier at the later stage is per- 
formed optimally by the light signal having the optimal 
polarization direction input from the optical amplification 
polarization adjustment unit. The light signal can be se- 
lectively adjusted so as to have a polarization direction 
where an influence of PMD becomes small on the opti- 
cal transmission line at the later stage. 
[0026] Further, the optical amplification polarization 
adjustment unit is connected with the later stage of the 
compensation unit and adjusts a polarization state of a 
PMD-compensated light signal. The optical amplifica- 
tion polarization adjustment unit immediately adjusts the 
light signal so that the light signal has an optimal polar- 
ization direction and outputs it. 

[0027] Further, a minimal PMD set-use polarization 
adjustment unit is provided on the optical transmission 
line. This polarization adjustment unit adjusts a light sig- 
nal so that its polarization state is such that quality de- 
terioration of light signal input into the optical receiver 
becomes minimal. 

[0028] Further, the compensation unit is incorporated 
in the optical repeater amplifier, particularly in the optical 
amplifier. Environmental resistance structures such as 
pressure resistance, water resistance and the like which 
are required respectively in the compensation unit and 
the optical repeater amplifiers are collected as one 
structure. 

[0029] Further, the compensation unit is incorporated 
in the optical receiver, particularly in the optical amplifier. 
Accordingly, PMD of a light signal input into the optical 
receiver can be compensated and quality deterioration 
of the light signal due to PMD of the light signal can be 
suppressed finally. 

[0030] Other objects and features of this invention will 
become apparent from the following description with ref- 
erence to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] Fig. 1 is a diagram showing an entire structure 
of an optical transmission system according to a first 
embodiment of the present invention. 
[0032] Fig. 2 is a block diagram showing a configura- 
tion of a PMD compensation circuit shown in Fig. 1 . 
[0033] Fig. 3 is a diagram showing a detailed config- 
uration of the PMD compensation circuit shown in Fig. 1 . 
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[0034] Fig. 4A and Fig. 4B are diagrams showing a 
PMD compensation operation using the PMD compen- 
sation circuit. 

[0035] Fig. 5 is a diagram showing an entire structure 
of the optical transmission system according to a sec- 5 
ond embodiment of the present invention. 
[0036] Fig. 6 is a diagram showing an entire structure 
of the optical transmission system according to a third 
embodiment of the present invention. 
[0037] Fig. 7 is a block diagram showing a configura- 10 
tion of the PMD compensation circuit of the optical trans- 
mission system according to a forth embodiment of the 
present invention. 

[0038] Fig. 8 is a block diagram showing a configura- 
tion ot the PMD compensation circuit of the optical trans- 1$ 
mission system according to a fifth embodiment of the 
present invention. 

[0039] Fig. 9 is a block diagram showing a configura- 
tion of the PMD compensation circuit of the optical trans- 
mission system according to a sixth embodiment of the 20 
present invention. 

[0040] Fig. 10 is a block diagram showing a configu- 
ration of the PMD compensation circuit of the optical 
transmission system according to a seventh embodi- 
ment of the present invention. 25 
[0041] Fig. 11 is a diagram showing a portion of a 
structure of the optical transmission system according 
to an eighth embodiment of the present invention. 
[0042J Fig. 12 is a diagram showing a portion of a 
structure of the optical transmission system according 30 
to a ninth embodiment of the present invention. 
[0043] Fig. 13 is a diagram showing a portion of a 
structure of the optical transmission system according 
to a tenth embodiment of the present invention. 
[0044] Fig. 1 4 is a diagram showing a relationship be- 35 
tween PMD of an optical transmission line which causes 
1 dB penalty in optical transmission of an NRZ signal 
and an optical transmission speed. 
[0045] Fig. 1 5 is a diagram showing a structure of a 
prior optical transmission system using a PMD compen- *o 
sation circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

45 

[0046] Preferred embodiments of an optical transmis- 
sion system of the present invention will be detailed be- 
low with reference to the attached drawings. 
[0047] A first embodiment of the present invention will 
be explained. Fig. 1 is a diagram showing an entire 50 
structure of an optical transmission system according to 
the first embodiment of the present invention. As shown 
in Fig. 1, the optical transmission system has a trans- 
mitter 10 transmitting a light signal, and a receiver 14 
receiving the light signal. The transmitter 1 0 and the re- 55 
ceiver 14 are connected by optical transmission line 11 
(11a to 110 composed of optical fibers. A plurality of op- 
tical repeater amplifiers 12a to 12e and a plurality of 



PMD compensation circuits 13a to 13e are provided on 
the optical transmission line 11. The optical repeater 
amplifiers 12a to 12e amplify an input light signal, and 
the PMD compensation circuits 13a to 13e compensate 
PMD in the light signal. Distances between the optical 
repeater amplifiers 12a to 12e are repeated spans, and 
the PMD compensation circuits 13a to 1 3e shown in Fig. 
1 are provided respectively in the repeated spans. 
[0048] Fig. 2 is a block diagram showing a configura- 
tion of the PMD compensation circuit 13a. Optical tap 
24 of the PMD compensation circuit 13a fetches a por- 
tion of the light signal on the optical transmission line 
lib. A PMD detector 23 detects waveform deterioration 
due to PMD based on the light signal fetched by the op- 
tical tap 24, and transmits a compensation amount with 
respect to PMD waveform distortion to a control circuit 
22. The control circuit 22 outputs direction information, 
which compensates the PMD waveform distortion of the 
light signal input from the optical transmission line 11a 
based on the input compensation amount, to a PMD 
compensation optical circuit 21. The PMD compensa- 
tion optical circuit 21 compensates the PMD waveform 
distortion based on the direction information. The light 
signal where the PMD waveform distortion is compen- 
sated is transmitted to the optical transmission line 11b. 
A portion of the light signal is fetched by the optical tap 
24 so that feedback control is achieved. The other PMD 
compensation circuits 13b to 13e have the same con- 
figuration as that of the PMD compensation circuit 13a. 
[0049] Fig. 3 is a diagram showing a detailed config- 
uration of the PMD compensation circuit 13a. Polariza- 
tion adjustment section 26, polarization beam splitters 
27a and 27b and a delay optical system 27c of Fig. 3 
correspond to the PMD compensation optical circuit 21 
shown in Fig. 2. Control circuits 22a and 22b correspond 
to the control circuit 22. The polarization adjustment 
section 26 optimizes a polarization state of the PMD- 
distorted light signal input from the optical transmission 
line 11 . In other words, the polarization adjustment sec- 
tion 26 rotates and adjusts the polarization state. As a 
result, the polarization mode component where time is 
delayed due to PMD is separated by the polarization 
beam splitter 27a from polarization eigenmode compo- 
nents of the light signal towards the delay optical system 
27c. The polarization adjustment section 26 outputs the 
light signal to the polarization beam splitter 27a. 
[0050] The polarization beam splitter 27a separates 
the light signal into a polarized light L1 and a polarized 
light L2 which are the polarization eigenmode compo- 
nents so as to compensate time delay due to PMD. For 
example, time of the light signal of the polarized light L1 
is delayed by At relatively from the light signal of the 
polarized light L2 due to PMD caused on the optical 
transmission line. The light signal component of the po- 
larized light L1 is output to the delay optical system 27c, 
and the light signal component of the polarized light L2 
is output to the polarization beam splitter 27b. The delay 
optical system 27c delays the input light signal of the 
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polarized light L1 by delay difference At between the 
light signals of the polarized light L1 and the polarized 
light 12 due to PMD according to control, of the control 
circuit 22a. The delay optical system 27c outputs the 
light signal of the polarized light L1 to the polarization 
beam splitter 27b. 

[0051] The delay difference A t is set mainly by ad- 
justing a distance between mirrors ml and m2 in the 
delay optical system 27c and thus changing the travel- 
ling time of the light signal of the polarized light L1 . The 
distance between the mirrors ml and m2 is determined- 
by the control circuit 22a. The PMD detector 23 detects 
waveform deterioration due to PMD based on a portion 
of the light signal fetched by the optical tap 24, and cal- 
culates a compensation amount for PMD waveform dis- 
tortion and transmits the compensation amount to the 
control circuits 22a and 22b. The control^ rcu it 22a ob- 
tains a delay difference At corresponding to the input 
compensation amount, and calculates the distance be- 
tween the mirrors ml and m2 corresponding to the ob- 
tained delay difference At. The control circuit 22a moves 
the mirror m2 so that the distance between the mirrors 
ml and m2 is set to the calculated distance. The control 
circuit 22b provides a control to adjust the polarization 
state in the polarization adjustment section 26 so that 
the PMD waveform distortion becomes minimal. Thus, 
the control circuit 22b provides a control to securely 
branch the light signal of the polarized light L1 and the 
light signal of the polarized light L2 which are the polar- 
ization eigenmode via the polarization beam splitter 
27a. 

[0052] The PMD compensation process will be ex- 
plained with reference to Fig. 4A and Fig. 4B. Fig. 4A 
shows a relationship between polarized light and or- 
thogonally polarized light before PMD compensation. 
Fig. 4B shows a relationship between the polarized light 
and the orthogonally polarized light after PMD compen- 
sation. In these figures, when the polarization adjust- 
ment section 26 adjusts the polarization state with re- 
spect to the polarization beam splitter 27a correctly, the 
light signal of the polarized light L2 is represented as an 
orthogonal polarization component with respect to the 
light signal of the polarized light L1 . The light signal of 
the polarized light 12 is delayed by the delay difference 
At due to PMD distortion from the light signal of the po- 
larized light L1 so as to be transmitted. Since the delay 
optical system 27c delays the light signal of the polar- 
ized light L1 by the delay difference At, as shown in Fig. 
4B, the delay difference AT between the light signals of 
the polarized light L1 and L2 is removed. As a result, the 
PMD distortion is compensated. 

[0053] The polarization beam splitter 27b multiplexes 
the light signal of the polarized light L2 directly input from 
the polarization beam splitter 27a and the light signal of 
the polarized light L1 input from the delay optical system 
27c. The polarization beam splitter 27b outputs the mul- 
tiplexed light signal as a light signal where PMD is com- 
pensated to the optical transmission line 11 . A portion 



of the light signal is fetched by the optical tap 24, and 
PMD is compensated by a feedback loop. 
[0054] As for PMD which occurs on the optical trans- 
mission line 11 in each repeated span, the polarization 
5 mode coupling is generally weak, and an influence of a 
non-linear optical effect can be ignored. Namely, on the 
assumption that linear compensation can be executed, 
linear PMD compensation circuits 13 are provided re- 
spectively for the repeated spans in the first embodi- 
10 ment. As a result, the PMD compensation circuit 13 
compensates PMD securely before PMD which cannot 
be compensated occurs in the light signal. Therefore, 
the receiver 14 can securely reproduce the light signal 
waveform transmitted by the transmitter 10. 
is [0055] When PMD of the light signal due to the dis- 
tance of one repeated span cannot be compensated by 
the PMD compensation circuit 13, the PMD compensa- 
tion circuit 13 may be provided in each distance where 
it can compensate PMD. 
20 [0056] In this first embodiment, it has been shown that 
the PMD compensation circuits 13 are independently 
provided on the optical transmission line 11. However, 
the PMD compensation circuits 13 may be incorporated 
in respective optical repeater amplifiers 12. In such a 
25 case, respective sections on the light transmission line 
11 can be constituted as collectively as possible. As a 
result, environmental resistance structures such as 
pressure resistance and water resistance which are re- 
quired for the PMD compensation circuits 13 and the 
30 optical repeater amplifiers 1 2 can be simple. 

[0057] Further, the PMD compensation circuits 1 3 are 
provided on the optical transmission line 11. However, 
the PMD compensation circuit may be provided in a not 
shown optical amplifier in the receiver 14 and compen- 
35 sate PMD of the light signal. 

[0058] According to the first embodiment, the power 
coupling between the polarization modes is weak, and 
the PMD compensation circuit 13 is provided in each 
distance of the optical transmission line where PMD that 
40 the influence of the non-linear optical effect can be ig- 
nored occurs. Moreover, the linear PMD compensation 
is executed before PMD spreads. As a result, the wave- 
form deterioration of the light signal due to PMD oc- 
curred on the optical transmission line 1 1 can besecure- 
45 |y restrained. The receiver 14 can securely reproduce 
the light signal waveform. 

[0059] Second embodiment of the present invention 
will be explained. In the above explained first embodi- 
ment, the power coupling between the polarization 

50 modes is weak, further, the PMD compensation circuit 
13 is provided for each repeated span where PMD that 
the influence of the non-linear optical effect can be ig- 
nored occurs. However, in the second embodiment, the 
PMD compensation circuits 1 3 are provided respective- 

55 |y on the optical transmission line 11 just before the re- 
ceiver 14 or in the vicinity of the receiver 14. 
[0060] Fig. 5 shows the entire structure of the optical 
transmission system according to the second embodi- 
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ment. As shown in Fig. 5, a PMD compensation circuit 
13t having the. structure same as that of the PMD com- 
pensation circuit 13 shown in the first embodiment is 
provided on the optical transmission line 11 just before 
the receiver 1 4. The other parts of the structure are the 
same as those in the first embodiment, and they have 
been provided with the same legends. 
[0061] PMD of the light signal is compensated by the 
PMD compensation circuits 13 (13a to 13e) from the 
transmitter 1 0 via the optical transmission line 1 1 to the 
PMD compensation circuit 13f. However, the PMD com- 
pensation circuit 13f further compensates PMD which 
remains in the light signal where PMD is compensated 
at the final stage, and outputs the light signal that PMD 
is compensated to the receiver 14. 
[0062] According to the second embodiment, since 
the PMD of the light signal is compensated just before 
or in the vicinity of the receiver 14, the receiver 14 can 
reproduce the light signal waveform more securely. Par- 
ticularly, since PMD on the optical transmission line 11 
changes with time, there is a possibility that the PMD 
compensation circuits 13a to 13e cannot follow the 
change in PMD with time. PMD which cannot be com- 
pensated in such a case can be compensated securely. 
[0063] Third embodiment of the present invention will 
be explained. In this third embodiment, in addition to the 
structure of the second embodiment, a polarization ad- 
justment section is further provided at the end or in the 
vicinity of the transmitter 10 on the light transmission 
line 11 . This polarization adjustment section adjusts the 
polarization state of a light signal so that the influence 
of PMD of the light signal at the end of the receiver 14 
becomes minimal. 

[0064] Fig. 6 shows the entire structure of the optical 
transmission system according to the third embodiment. 
As shown in Fig. 6, the polarization adjustment section 
26 is provided just after the transmitter 1 0 provided on 
the optical transmission line 11 . This polarization adjust- 
ment section 26 adjusts the polarization state so that 
PMD of the light signal or PMD distortion amount which 
is detected by the receiver 14 becomes minimal at the 
end of the receiver 1 4. The polarization adjustment sec- 
tion 26 transmits the adjusted light signal to the optical 
transmission line 1 1 . The other parts of the structure are 
the same as those in the second embodiment, and they 
have been provided with the same legends. 
[0065] As for adjustment of the polarization state by 
the polarization adjustment section 26, the polarization 
state is determined previously when the optical trans- 
mission line of the optical transmission system is in- 
stalled so that the influence of PMD is minimal. The po- 
larization adjustment section 26 transmits the light sig- 
nal having the determined polarization state to the opti- 
cal transmission line 1 1 . If the change in PMD with time 
is great, another communication section or another op- 
tical transmission line may be used so that the polariza- 
tion state is adjusted always or periodically. 
[0066] According to the third embodiment, the polari- 



zation adjustment section 26 is provided just after the 
transmitter 10, and the light signal having the polariza- 
tion state where the influence of PMD is minimal on the 
receiver 1 4 is transmitted. As a result, the waveform dis- 
5 tortion due to PMD occurring on the optical transmission 
line 11 can be suppressed minimally, and the receiver 
14 can reproduce the light signal waveform more se- 
curely. 

[0067] Forth embodiment of the present invention will 
10 be explained. In the first to third embodiments, the light 
signal was not multiplexed. However, in the forth em- 
bodiment, even in the case where the light signal of the 
optical transmission system is a light wavelength multi- 
plex signal where the wavelength is multiplexed, the 
15 PMD compensation explained in the first to third embod- 
iments can be executed. 

[0068] Fig. 7 is a diagram showing a configuration of 
the PMD compensation circuit of the optical transmis- 
sion system according to the forth embodiment. PMD 

20 compensation circuit 30 may be provided instead of the 
PMD compensation circuits 13 in the first to third em- 
bodiments. Other parts of the optical system may be the 
same as those in the first to third embodiments. 
[0069] As shown in Fig. 7, a light wavelength mutti- 

25 plexed signal where a light wavelength multiplex 
number is M n M is transmitted to an optical transmission 
line 1 1 a and input into the PMD compensation circuit 30 . 
The PMD compensation circuit 30 has a wavelength 
splitter 31 , PMD compensation circuits 33-1 to 33-n cor- 

30 responding to the light wavelength multiplex number, 
and a multiplexer 32. The wavelength splitter 31 splits 
a light signal for respective multiplexed wavelengths X, 
to or for channels corresponding to the wavelengths. 
The PMD compensation circuits 33-1 to 33-n have the 

35 configuration which is the same as that of the PMD com- 
pensation circuit 13 shown in the first to third embodi- . 
ments. The PMD compensation circuits 33-1 to 33-n 
compensate PMD for each wavelength split by the 
wavelength splitter 31 and output the light signals where 

40 PMD is compensated to the multiplexer 32. The multi- 
plexer 32 multiplexes the light signals output from the 
PMD compensation circuits 33-1 to 33-n so as to output 
the multiplexed light signal to the optical transmission 
line 11b. 

45 [0070] According to the forth embodiment, even in the 
case of the light wavelength multiplex signal, PMD can 
be compensated for each wavelength corresponding to 
respective channels. Similarly to the first to third embod- 
iments, PMD of the light signal which is the light wave- 
so length multiplex signal is compensated securely. As a 
result, the receiver 14 can reproduce the light signal 
waveform for each light wavelength multiplex securely. 
[0071] Fifth embodiment of the present invention will 
be explained. In the above explained forth embodiment, 
55 PMD is compensated for the respective wavelengths X n 
to where the light wavelength is multiplexed. Howev- 
er, in the fifth embodiment, PMD is compensated in 
block unit where wavelengths are collected in a prede- 
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termined block. 

[0072] Fig. 8 is a diagram showing a configuration of 
the PMD compensation circuit of the optical transmis- 
sion system according to the fifth embodiment. PMD 
compensation circuit 40 may be provided instead of the 
PMD compensation circuits 13 in the first to third em- 
bodiments. Other parts of the optical system may be the 
same as that shown in the first to third embodiments. 
[0073] In Fig. 8, a light wavelength multiplex signal 
where a light wavelength multiplex number is "n" is 
transmitted to the optical transmission line Ha so as to 
be input into the PMD compensation circuit 40. The 
PMD compensation circuit 40 has a wavelength splitter 
41 , PMD compensation circuits 43-1 to 43-k and a mul- 
tiplexer 42. The wavelength splitter 41 splits a light 
wavelength multiplex signal for each block where re- 
spective wavelengths X 1 to X„ where light-wave length is 
multiplexed or respective channels are collected as a 
plurality of wavelengths or channels. The PMD compen- 
sation circuits 43-1 to 43-k corresponding to a number 
of blocks "k" compensate PMD of the light signals of the 
respective blocks. For example, the PMD compensation 
circuit 43-1 compensates PMD of one of the light signals 
having the wavelengths \, to X a which are split by the 
wavelength splitter 41 . The configuration of the PMD 
compensation circuits 43-1 to 43-k is the same as that 
of the PMD compensation circuit 1 3 shown in the first to 
third embodiments. The multiplexer 42 multiplexes the 
light signals where PMD is compensated respectively 
by the PMD compensation circuits 43-1 to 43-k so as to 
output the multiplexed light signal to the optical trans- 
mission line 11b. 

[0074] According to the fifth embodiment, the light 
wavelength multiplex signal is split for each block where 
a plurality of wavelengths or channels are collected. 
PMD of the split light signals in each block is compen- 
sated. As a result, a number of PMD compensation cir- 
cuits can be reduced, and the PMD compensation cir- 
cuits can be miniaturized. 

[0075] Sixth embodiment of the present invention will 
be explained, in the above explained fifth embodiment, 
the wavelengths X A to ^ where the wavelength is mul- 
tiplexed are split per wavelength in predetermined block 
unit, and PMD is compensated for split light signals. 
However, in the sixth embodiment, desired wavelengths 
or channels are collected in each block. 
[0076] Fig. 9 is a diagram showing a configuration of 
the PMD compensation circuit of the optical transmis- 
sion system according to the sixth embodiment. PMD 
compensation circuit 50 may be provided instead of the 
PMD compensation circuits 13 in the first to third em- 
bodiments. Other parts of the optical system may be the 
same as those in the first to third embodiments. 
[0077] In Fig. 9, a light wavelength multiplex signal 
where a light wavelength multiplex number is "n" is 
transmitted to the optical transmission line lla so as to 
be input into the PMD compensation circuit 50. The 
PMD compensation circuit 50 has a wavelength splitter 



51 , multiplexers 54-1 to 54-k corresponding to a number 
of blocks "k", PMD compensation circuits 53-1 to 53-k 
corresponding to a number of blocks "k", and a multi- 
plexer 52. The wavelength splitter 51 splits a light wave- 

5 length multiplex signal for respective wavelengths to 
where light wavelength is multiplexed or respective 
channels. The multiplexers 54-1 to 54-k multiplex light 
signals which are split by the wavelength splitters 51 for 
each block where a plurality of desired wavelengths or 

10 desired channels are collected. The light signals multi- 
plexed in block unit are input into the PMD compensa- 
tion circuits 53-1 to 53-k corresponding to the multiplex- 
ers 54-1 to 54-k, and PMD is compensated for the light 
signals of the respective PMD compensation circuits. 

is [0078] In Fig. 9, similarly to the fifth embodiment, the 
PMD compensation circuit 53-1 compensates PMD of 
one of the light signals having wavelengths X A to X a split 
by the wavelength splitter 51 . However, in the sixth em- 
bodiment, arbitrary wavelengths or channels can be 

20 combined in each block. Moreover, the configuration of 
the PMD compensation circuits 53-1 to 53-k is the same 
as that of the PMD compensation circuits 13 shown in 
the first to third embodiments. The multiplexer 52 mul- 
tiplexes the light signals where PMD is compensated by 

25 the PMD compensation circuits 53-1 to 53-k so as to 
output the multiplexed light signal to the optical trans- 
mission line 11b. 

[0079] According to the sixth embodiment, the multi- 
plexers 54-1 to 54-k which multiplex the light wavelength 
30 multiplex signals of a plurality of desired wavelengths or 
channels are provided so that the blocks are formed. 
PMD is compensated by the PMD compensation circuits 
35-1 to 53-k whose number is corresponding to a 
number of blocks. As a result, a number of the PMD 
35 compensation circuits 53-1 to 53-k can be reduced, and 
the whole PMD compensation circuit 50 can be minia- 
turized. Further, an arbitrary combination of the wave- 
lengths or channels are collected in each block by the 
multiplexers 54-1 to 54-k. The flexible PMD compensa- 
te tion process can be executed in such a mannerthat sig- 
nals of non-adjacent wavelengths or channels, or wave- 
lengths or channels having the same polarization direc- 
tion are collected in blocks. 

[0080] Seventh embodiment of the present invention 
45 will be explained. In the above explained sixth embodi- 
ment, the light signals of desired wavelengths or chan- 
nels in the light signals having wavelengths X n to X,, 
where light wavelength is multiplexed are multiplexed 
collectively in each block. However, in the seventh em- 
so bodiment, polarization is synthesized for light signals in- 
tersecting perpendicularly to each other of the split light 
signals instead of using the multiplexers 54-1 to 54-k. 
PMD is compensated per light signal where polarization 
is synthesized. 

55 [0081] Fig. 1 0 is a diagram showing a configuration of 
the PMD compensation circuit of the optical transmis- 
sion system according to the seventh embodiment. 
PMD compensation circuit 60 may be provided instead 
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of the PMD compensation circuits 13 in the first to third 
embodiments. Other parts of the optical system may be 
the same as those shown in the first to third embodi- 
ments. 

[0082] In Fig. 10, a light wavelength multiplex signal 
where a light wavelength multiplex number is "n" is 
transmitted to the optical transmission line 11a so as to 
be input into the PMD compensation circuit 60. The 
PMD compensation circuit 60 has a wavelength splitter 
61, polarization combiners 64-1 to 64-k corresponding 
to a number of blocks "k", PMD compensation circuits 
63-1 to 63-k corresponding to a number of blocks "k", 
and a multiplexer 62. The wavelength splitter 61 splits 
a light wavelength multiplex signal for respective wave- 
lengths X-i to A,, or channels where the light wavelength 
is multiplexed. The polarization combiners 64-1 to 64-k 
collect a plurality of desired wavelengths or desired 
channels in each block. However, in the case where split 
and input light signals of respective wavelengths are 
substantially linear polarized lights and they intersect 
perpendicularly to each other, polarization extinction ra- 
tio is held in the synthesized light signals. Particularly, 
in the case where adjacent wavelengths orchannels are 
arranged so as to intersect perpendicularly to their po- 
larization direction, or all the wavelengths orchannels 
are arranged so as to at least intersect perpendicularly 
to the polarization direction at the time of wavelength 
multiplexing, multiplexing with the polarization extinc- 
tion ratio being held is possible. 
[0083] The light signals in block unit where polariza- 
tion is synthesized by the polarization combiners 64-1 
to 64-k are input into the PMD compensation circuits 

63- 1 to 63-k corresponding to the polarization combin- 
ers 64-1 to 64-k. The PMD compensation circuits 63-1 
to 63-k compensate PMD. The configuration of the PMD 
compensation circuits 63-1 to 63-k is the same as that 
of the PMD compensation circuit 13 shown in the f irst to 
third embodiments. The multiplexer 62 multiplexes the 
light signals where PMD is compensated by the PMD 
compensation circuits 63-1 to 63-1 so as to output the 
multiplexed light signal to the optical transmission line 
lib. 

[0084] According to the seventh embodiment, in the 
case where the light wavelength multiplex signal having 
the wavelength or channel structure with orthogonal po- 
larization directions is input, the polarization combiners 

64- 1 to 64-k collects wavelengths or channels having 
the orthogonal polarization directions in each blocks. 
The light signals where polarization is synthesized are 
generated, and PMD is compensated per light signal. 
As a result, the light signals holding polarization extinc- 
tion ratio can be collected in each block, and PMD can 
be compensated securely. 

[0085] Optical connection circuits in the PMD com- 
pensation circuits 30 to 60 in the forth to seventh em- 
bodiments may be constituted by polarization maintain- 
ing fibers. As a result, since polarization between re- 
spective optical parts is held, the light branching or light 



synthesizing process can be executed easily and se- 
curely. 

[0086] Eighth embodiment of the present invention 
will be explained. In the above explained first to seventh 

5 embodiments, PMD is detected in the PMD compensa- 
tion circuits 13, 30, 40 : 50, and 60 : and detected PMD 
is compensated. However, in the eighth embodiment, 
the PMD compensation circuits 13, 30, 40, 50, and 60 
are controlled by PMD detected in the receiver 14 so 

io that transmission quality characteristic upon receiving 
is the best. In this case, the optical tap 24, the PMD de- 
tector 23 and the control circuit 22 which detect PMD 
are not provided in the PMD compensation circuits 13, 
30, 40, 50 : and 60. 

15 [0087] Fig. 11 is a diagram showing a part of the struc- 
ture of the optical transmission system according to the 
eighth embodiment. A PMD light compensation circuit 
70 shown in Fig. 1 1 may be provided in place of the PMD 
compensation circuits 13, 30, 40, 50, and 60 in the first 

20 to seventh embodiments. However, the PMD light com- 
pensation circuit 70 is constituted only by the PMD com- 
pensation circuit 21 unlike the PMD compensation cir- 
cuits 13, 30, 40, 50, and 60. 

[0088] In Fig. 11, a PMD detector 71 detects PMD 
25 based on a light signal waveform received by the receiv- 
er 14. A PMD light control circuit 72 controls PMD com- 
pensation by means of the PMD compensation circuit 
70 arranged on the optical transmission line 11 based 
on the detected result of the PMD detector 71 so that 
30 the transmission quality characteristic on reception is 
the best. The configuration of the PMD control circuit 72 
is the same as that of the control circuit 22, and the PMD 
control circuit 72 is provided correspondingly to the PMD 
compensated light circuits 21 . The configuration of the 
35 PMD light compensation circuit 70 is the same as that 
of the PMD compensated light circuit 21 . 
[0089] In the eighth embodiment, the PMD control cir- 
cuits 72 are provided on the side of the receiver 14, how- 
ever the PMD control circuits 72 may be in corporate in 
40 the respectively PMD light compensation circuit 70. 
[0090] In the third embodiment, the polarization ad- 
justment section 26 is provided just after the transmitter 
10. However, the PMD control circuit 72 may adjust and 
control polarization with respect to the polarization ad- 
45 justment section 26. 

[0091 ] According to the eighth embodiment, the PMD 
light compensation circuit 70 on the optical transmission 
line 11 is controlled based on PMD in the receiver 14 so 
that PMD is compensated. As a result, the transmission 
so quality characteristic upon receiving is the best, and the 
configuration of the PMD light compensation circuit 70 
can be minimal. Therefore, the PMD light compensation 
circuit 70 can be miniaturized. 

[0092] Ninth embodiment of the present invention will 
55 be explained. In the PMD compensation circuits 13, 30, 
40, 50, 60, and 70 in the above explained first to eighth 
embodiments, the delay difference Ax is finally compen- 
sated by polarization synthesis by means of the polari- 
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zation beam splitter27b, and the light signal having con- 
stant polarization state is output In the ninth embodi- 
ment, the polarization state of the light signal output from 
the polarization beam splitter 27b or the light signal ob- 
tained by multiplexing the light signals outputted from 
the polarization beam splitter 27b is adjusted to a de- 
sired polarization state. This state is then output. 
[0093] Fig. 12 is a diagram showing a part of the struc- 
ture of the optical transmission system according to a 
ninth embodiment. A polarization adjustment section 80 
shown in Fig. 12 is arranged on the optical transmission 
line 11 between the PMD compensation circuit 13 and 
the optical repeater amplifier 12b. The polarization ad- 
justment section 80 polarizes and adjusts a light signal 
where PMD is compensated output from the PMD com- 
pensation circuit 13. As a result, the polarization adjust- 
ment section 80 brings the light signal into the optimal 
polarization state with respect to the optical transmis- 
sion line and the optical repeater amplifier at the later 
stage so as to output the signal to the optical transmis- 
sion line 11. 

[0094] Therefore, the polarization state output by the 
polarization adjustment section 80 can be always ad- 
justed to a constant state. For this reason, for example, 
the light signal, which has a polarization direction inter- 
sects perpendicularly to a polarization direction of exci- 
tation-use optical laser to be used in an optical amplifier 
in the optical repeater amplifier 12b at the later stage, 
can be output to the optical amplifier. In the optical am- 
plifier in the optical repeater amplifier 12b, the amplifi- 
cation operation is performed optimally when the polar- 
ization direction of the input light signal to be amplified 
intersects perpendicularly to the polarization direction of 
the excitation-use optical laser. In the case of such an 
optical amplifier, the polarization direction of the light 
signal to be input is adjusted by the polarization adjust- 
ment section 80 so as to intersect perpendicularly to the 
polarization direction of the excitation -use optical laser. 
As a result, the amplification of the optical amplifier can 
be carried out optimally. 

[0095] The operation of the optical amplifier is per- 
formed optimally when the polarization direction of the 
input light signal to be amplified is the same as the po- 
larization direction of the excitation-use optical laser. In 
this case, the polarization adjustment section 80 adjusts 
the polarization direction of the light signal that the po- 
larization direction of the light signal coincide with the 
polarization direction of the excitation-use optical laser. 
The polarization adjustment section 80 outputs the light 
signal. 

[0096] The adjustment of the polarization direction by 
means of the polarization adjustment section 80 is men- 
tioned as one example of the operation of the optical 
amplifier, but the adjustment is not limited to this. The 
polarization adjustment section 80 may output a light 
signal having the polarization direction according to im- 
provement of the function or performance of the optical 
repeater amplifier 12b at the later stage as long as the 



adjustment is related to improvement of the function or . 
performance. 

[0097] According to the ninth embodiment, the polar- 
ization state of the light signal where PMD is compen- 

5 sated by the PMD compensation circuit 13 is adjusted 
by the polarization adjustment section 80. For this rea- 
son; the light signal, where the polarization state is ad- 
justed so that an influence of PMD in the optical trans- 
mission line at the later stage is decreased, can be out- 

10 putted. The polarization adjustment section 80 can out- 
put the light signal having an arbitrary polarization direc- 
tion. The polarization adjustment section 80 adjusts the 
light signal into a light signal having a polarization direc- 
tion intersecting perpendicularly to the polarization di- 

15 rection of the excitation-use optical laser to be used in 
the optical amplifier at the later stage so as to output this 
signal. As a result, the optical amplifier can be operated 
optimally. 

[0098] Tenth embodiment of the present invention will 

20 be explained. In the above explained ninth embodiment, 
the polarization adjustment section 80 is provided forthe 
PMD compensation and the stable operation of the op- 
tical amplifier. However, in the tenth embodiment, simi- 
larly to the polarization adjustment section 26 shown in 

25 the third embodiment, the polarization adjustment sec- 
tion 80 adjusts the polarization direction of a light signal 
so that light signal distortion which is caused by PMD in 
the receiver 14 becomes minimal. 
[0099] Fig. 1 3 is a diagram showing a part of the struc- 

30 ture of the optical transmission system according to the 
tenth embodiment. A minimal PMD set-use polarization 
adjustment section 90 is arranged on the optical trans- 
mission line 11 between the PMD compensation circuit 
13 and the optical amplifier repeater 12b. The minimal 

35 PMD set-use polarization adjustment section 90 further 
adjusts polarization of a PMD-compensated light signal 
output from the PMD compensation circuit 1 3 at the pre- 
vious stage. As a result, the light signal is brought into 
a polarization state such that influence of PMD in the 

40 optical transmission line at the later stage is reduced so 
as to be output to the optical transmission line 11 . This 
function is the same as that of the polarization adjust- 
ment section 80 in the ninth embodiment. 
[01 00] However, the polarization direction is previous- 

45 ry adjusted by the minimal PMD set-use polarization ad- 
justment section 90 into a polarization direction such 
that an influence of PMD becomes minimal in the receiv- 
er 1 4. The minimal PMD set-use polarization adjustment 
section 90 makes the adjustment so that the influence 

so of PMD upon the light signal becomes small in the op- 
tical transmission line at the later stage in a plurality of 
places on the optical transmission line 11 , for example, 
per repeated span. For this reason, the effect of the po- 
larization adjustment section 26 in the third embodiment 

55 can be further heightened, and the influence of PMD up- 
on the light signal on the optical transmission line at the 
later stage made smaller As a result, a PMD compen- 
sation distance can be lengthened, and a number of the 
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PMD compensation circuits 1 3 to be provided on the op- 
tical transmission line 1.1 can be reduced. Namely, the 
influence of PMD upon the light signal on the optical 
transmission line is reduced by providing only the mini- 
mal PMD set-use polarization adjustment section 90. An 
optical transmission block of repeated spans, etc. can 
be obtained without providing the PMD compensation 
circuit 13. 

[0101] According to the tenth embodiment, the light 
signal where PMD is compensated by the PMD com- 
pensation circuit 13 is further adjusted by the minimal 
PMD set-use polarization adjustment section 90. For 
this reason, the light signal in the polarization state that 
the influence of PMD is small on the optical transmission 
line at the later stage can be output. A distance where 
PMD should be compensated can be lengthened by pro- 
viding the minimal PMD set-use polarization adjustment 
section 90. A number of PMD compensation circuits 13 
can be reduced so that the whole structure of optical 
transmission system can be simplified. 
[0102] In the first to tenth embodiments, the PMD 
compensation circuits 13, 30, 40, 50, and 60, the PMD 
light compensation circuit 70, the polarization adjust- 
ment section 80 and the minimal PMD set-use polariza- 
tion adjustment section 90 may be incorporated in the 
optical repeater amplifier 12 which is close to them. As 
a result, it is possible to provide the optical transmission 
system with a small number of housings which satisfies 
pressure resistance, water resistance and the like. 
[0103] According to one aspect of the present inven- 
tion, the compensation unit, which compensates polar- 
ization mode dispersion for one or more repeated spans 
on the optical transmission line having one or more op- 
tical repeater amplifiers, is provided. Therefore, the po- 
larization mode dispersion which occurs between the 
optical transmission lines of the repeated spans can be 
compensated. The power coupling between the polari- 
zation modes between the optical transmission lines of 
the repeated spans is weak, and only the polarization 
mode dispersion that the influence of non-linear optical 
effect can be ignored occurs. For this reason, the polar- 
ization mode dispersion can be compensated securely. 
As a result : waveform distortion of the light signal due 
to the polarization mode dispersion is suppressed se- 
curely, and the optical receiver can reproduce the light 
signal waveform securely. A bit error rate on the optical 
transmission line can be lowered. 
[0104] According to another aspect of the present in- 
vention, the compensation unit is provided for each op- 
tical transmission distance range where the polarization 
mode dispersion can be compensated according to a 
degree of the coupling between the polarization modes. 
The polarization mode dispersion which occurs on the 
optical transmission line is compensated securely. For 
this reason, the waveform deterioration of the light sig- 
nal due to the polarization mode dispersion can be sup- 
pressed securely, and the optical receiver can repro- 
duce the light signal waveform securely. As a result, the 



bit error rate on the optical transmission line can be low- 
ered. 

[0105] Further, the wavelength splitter splits an input 
light wavelength multiplex signal for each wavelength or 
5 channel. Polarization mode dispersion compensation 
units compensate polarization mode dispersion for light 
signals split by the wavelength splitter. The wavelength 
multiplexer multiplexes the light signals of each wave- 
length or channel compensated by the polarization 
10 mode dispersion compensation units so as to output the 
multiplexed signal. The polarization mode dispersion 
compensation of the Light wavelength multiplex signal 
is compensated in this manner. For this reason, even if 
the light signal propagated on the optical transmission 
15 line is a light wavelength multiplex signal, the wave- 
length deterioration of the light signal due to the polari- 
zation mode dispersion can be suppressed securely. 
The optical receiver can reproduce the light signal wave- 
form securely. As a result, the bit error rate on the optical 
20 transmission line can be lowered. 

[0106] Further, the wavelength splitter splits an input 
light wavelength multiplex signal for block unit com- 
posed of predetermined wavelengths or channels. The 
polarization mode dispersion compensation unit com- 
25 pensates polarization mode dispersion of the light sig- 
nals in each block unit split by the wavelength splitter. 
The wavelength multiplexer multiplexes the light signals 
in each block compensated by the polarization mode 
dispersion compensation unit so as to output the multi- 
30 plexed signal. The polarization mode dispersion of the 
light wavelength multiplex signal is compensated in 
such a manner. As a result, even if the light signal prop- 
agated on the optical transmission signal is a light wave- 
length multiplex signal, the waveform deterioration of 
35 the light signal due to the polarization mode dispersion 
is suppressed securely. The optical receiver can repro- 
duce the light signal waveform securely. The bit error 
rate on the optical transmission line can be lowered. The 
polarization mode dispersion is compensated in block 
40 unit. As a result, a number of the polarization mode dis- 
persion compensation units can be reduced, and the 
compensation unit can be miniaturized. 
[0107] Further, the wavelength splitter splits an input 
light wavelength multiplex signal for each wavelength or 
45 channel. The first wavelength multiplexer multiplexes 
the light signals for each wavelength or channel split by 
the wavelength splitter in predetermined blocks. The po- 
larization mode dispersion compensation unit compen- 
sates polarization mode dispersion of the light signals 
50 multiplexed by the first wavelength multiplexer. The sec- 
ond wavelength multiplexer multiplexes the light signals 
in each, block compensated by the polarization mode 
dispersion compensation unit so as to output the multi- 
plexed signal. The polarization mode dispersion of the 
55 light wavelength multiplex signal is compensated. In this 
case, the first wavelength multiplexer can multiplex the 
light signals having arbitrary combination of wave- 
lengths or channels in the light signals in each wave- 
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length or channel split by the wavelength splitter in block 
unit. For example, the light signals of non-adjacent 
wavelengths or channels can be collected in a block. 
For this reason, even if the light signal propagated on 
the optical transmission line is a light wavelength multi- 
plex signal, the waveform deterioration of the light signal 
due to the polarization mode dispersion is suppressed 
securely. The optical receiver can reproduce the light 
signal waveform securely, and the bit error rate on the 
optical transmission line can be lowered. Arbitrary 
wavelengths or channels are selected so as to be col- 
lected in each block so that a number of the polarization 
mode dispersion compensation units can be reduced. 
As a result, the compensation unit can be miniaturized, 
and the polarization mode dispersion can be compen- 
sated flexibly. 

[0108] Further, the first wavelength multiplexer multi- 
plexes light signals having the same polarization direc- 
tion in the light signals of each wavelength or channel 
split by the wavelength splitter in predetermined blocks. 
The polarization mode dispersion is compensated in this 
predetermined block unit. As a result, the compensation 
unit can be further miniaturized according to the wave- 
length multiplexed state of a light wavelength multiplex 
signal. The polarization mode dispersion can be com- 
pensated efficiently. 

[0109] Further, the wavelength splitter splits an input 
light wavelength multiplex signal for each wavelength or 
channel. The polarization multiplex unit multiplexes light 
signals having polarized light intersecting perpendicu- 
larly to each other in the light signals for each wave- 
length or channel split by the wavelength splitter. The 
polarization mode dispersion compensation unit com- 
pensates polarization mode dispersion of the light sig- 
nals multiplexed by the polarization multiplex unit. The 
second wavelength multiplexer multiplexes the light sig- 
nals for each block compensated by the polarization 
mode dispersion compensation unit and outputs the 
multiplexed signal. The polarization mode dispersion of 
the light wavelength multiplex signal is compensated. In 
the case where light wavelength multiplex signals hav- 
ing wavelength or channel structure having orthogonal 
polarization directions are input, a polarization synthe- 
sizing unit collects wavelengths or channels having or- 
thogonal polarization direction in each block and syn- 
thesizes polarization. For this reason, even if a light sig- 
nal propagated on the optical transmission line is a light 
wavelength multiplex signal, waveform deterioration of 
the light signal due to polarization mode dispersion is 
suppressed securely. The optical receiver can repro- 
duce the light signal waveform securely. The bit error 
rate on the optical transmission line can be lowered, and 
arbitrary wavelengths or channels are selected so as to 
form blocks by the polarization synthesizing unit. As a 
result, a number of the polarization mode dispersion 
compensation units is reduced, and each compensation 
unit can be miniaturized. The polarization mode disper- 
sion can be compensated flexibly. Particularly in the 



case where wavelengths or channels having orthogonal 
polarization direction are collected in each block, the 
light signals where a polarization extinction ratio is held 
can be outputted. As a result, the polarization mode dis- 

5 persion can be compensated more securely. 

[0110] Further, the compensation unit is provided at 
the. end or in a vicinity of the end of the optical transmis- 
sion line, namely, just before the optical receiver so as 
to compensate polarization mode dispersion which re- 

10 mains finally. As a result, the polarization mode disper- 
sion can be compensated securely, and waveform de- 
terioration of the light signal due to the polarization mode 
dispersion is suppressed securely. A bit error rate on the 
optical transmission line can be lowered. 

15 [0111] Further, the polarization adjustment unit is pro- 
vided at the end or in a vicinity of the end of the optical 
transmission line. The polarization adjustment unit 
makes adjustment so that a light signal having a polar- 
ization state where quality deterioration of the light sig- 

20 nal at the end of the optical transmission line becomes 
minimal is input. As a result, the quality deterioration of 
the light signal caused by PMD on the optical transmis- 
sion line can be suppressedminimally. A number of the 
compensation units is reduced, and a light signal wave- 

25 form can be reproduced more securely. As a result, a 
bit error rate on the optical transmission line can be low- 
ered. 

[0112] Further, the wavelength splitter, the first wave- 
length multiplexer, the second wavelength multiplexer, 

30 the wavelength multiplexer, the polarization mode dis- 
persion compensation unit and the polarization synthe- 
sizing unit which compose the compensation unit are 
connected by polarization maintaining fibers so that the 
polarization between the optical parts in the compensa- 

35 tion unit is held. An optical branching process, an optical 
synthesizing process and the like which are required for 
compensation of the polarization mode dispersion can 
be executed securely. 

[0113] Further, the detector detects a polarization 
40 mode dispersion amount in the optical receiver. A plu- 
rality of control units compensate a light delay difference 
corresponding to the polarization mode dispersion 
amount by means of the optical system of the compen- 
sation unit or the polarization mode dispersion compen- 
45 sation unit according to the polarization mode disper- 
sion amount detected by the detector. Accordingly, the 
structures of the compensation unit or the polarization 
mode dispersion compensation unit arranged on the op- 
tical transmission line are miniaturized and simplified. 
so As a result, the whole structure of the optical transmis- 
sion system can be simplified. 

[0114] Further, the optical amplification polarization 
adjustment unit adjusts a light signal so that the light 
signal has an optimal polarization direction correspond- 
55 jng to a polarization direction of an optical amplification 
pump laser in the optical repeater amplifier at the later 
stage. In other words, the light signal has a polarization 
direction intersecting perpendicularly to the polarization 
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direction of the pump laserto be used in the optical am- 
plifier at the later stage. The light amplification polariza- 
tion adjustment unit synthesizes the polarization and 
outputs the light signal to the optical repeater amplifier 
at the later stage. At least optical amplification of the 5 
optical repeater amplifier at the later stage is stabilized 
by the light signal having the optimal polarization direc- 
tion input from the optical amplification polarization ad- 
justment unit. Since light signal distortion due to PMD 
on the optical transmission line at the later stage be- io 
comes small due to the polarization adjustment, PMD 
can be compensated securely. The optical amplifier can 
be operated optimally by outputting a light signal having 
an arbitrary polarization direction. 

[0115] Further, the optical amplification polarization *5 
adjustment unit is connected with the compensation unit 
at the later stage and adjusts a polarization state of a 
PMD-compensated light signal. The optical amplifica- 
tion polarization adjustment unit immediately adjusts the 
light signal so that the light signal has an optimal polar- 20 
ization direction and outputs it. As a result, PMD can be 
compensated more securely. 

[01 1 6] Further, the minimal PMD set-use polarization 
adjustment unit is provided on the optical transmission 
line. The polarization adjustment unit adjusts a light sig- 25 
nal so that its polarization state is such that quality de- 
terioration of light signal input into the optical receiver 
becomes minimal. An influence of PMD can be sup- 
pressed, and the light signal having the polarization 
state such that the quality deterioration of the light signal so 
due to the polarization mode dispersion becomes mini- 
mal is transmitted. As a result, a distance where PMD 
should be compensated can be lengthened, and a 
number of the compensation units can be reduced. The 
whole structure of the optical transmission system can 35 
be simplified. 

[01 1 7] Further, the compensation unit is incorporated 
in the optical repeater amplifier, particularly in the optical 
amplifier. Environmental resistance structures such as 
pressure resistance, water resistance and the like which 40 
are required respectively in the compensation unit and 
the optical repeater amplifiers are collected as one 
structure. As a result, the structure of the optical trans- 
mission system can be simplified. 

[01 1 8] Further, the compensation unit is incorporated *s 
in the optical receiver, particularly in the optical amplifier. 
PMD of a light signal input into the optical receiver is 
compensated. Quality deterioration of the light signal 
due to PMD of the light signal can be suppressed finally. 
[0119] Although the invention has been described so 
with respect to a specific embodiment for a complete 
and clear disclosure, the appended claims are not to be 
thus limited but are to be construed as embodying all 
modifications and alternative constructions that may oc- 
cur to one skilled in the art which fairly fall within the 55 
basic teaching herein set forth. 



Claims 

1. An optical transmission system comprising: 

an optical transmission line (11); 

an optical transmitter (14) at one end of said 

optical transmission line (11); 

an optical receiver (10) at another end of said 

optical transmission line (11) ; 

one or more optical repeater amplifiers (12) 

provided on said optical transmission line (11) 

between said optical transmitter (14) and said 

optical receiver (10); and 

a compensation unit (13, 30, 40, 50, 60) which 

compensates polarization mode dispersion for 

one or more repeated spans. 

2. An optical transmission system comprising: 

an optical transmission line (11); 
an optical transmitter (14) at one end of said 
optical transmission line (11) ; 
an optical receiver (1 0) at another end of said 
optical transmission line (11); 
one or more optical repeater amplifiers (12) 
provided on said optical transmission line (11) 
between said optical transmitter (14) and said 
optical receiver (10); and 
a compensation unit (13, 30, 40, 50, 60) which 
compensates polarization mode dispersion for 
each distance range of said optical transmis- 
sion line (11) where polarization mode disper- 
sion can be compensated according to a de- 
gree of polarization coupling. 

3. The optical transmission system according to claim 
1 or 2, wherein said compensation unit (30) com- 
prises: 

a wavelength splitter (31) which splits an input 
light wavelength multiplex signal for each 
wavelength or channel; 
a polarization mode dispersion compensation 
u nit (33) which compensates polarization mode 
dispersion of the light signals split by said 
wavelength splitter (31); and 
a wavelength multiplexer (32) which multiplex- 
es the light signals for each wavelength or 
channel compensated by said polarization 
mode dispersion compensation unit (33) so as 
to output the multiplexed signal. 

4. The optical transmission system according to claim 
1 or 2, wherein said compensation unit (40) com- 
prises: 

a wavelength splitter (41 ) which splits an input 
light wavelength multiplex signal into block 



13 



BNSOCCID: <EP 1100217A2J_> 



25 



EP1 100 217 A2 



26 



units composed of predetermined wavelengths 
or channels; 

a polarization mode dispersion compensation 
unit (43) which compensates polarization mode 
dispersion of light signals in each block unit split 
by said wavelength splitter (41); and 
a wavelength multiplexer (42) which multiplex- 
es the light signal in each block compensated 
by said polarization mode dispersion compen- 
sation unit (43) so as to output the multiplexed 
light signal. 

5. The optical transmission system according to claim 
1 or 2, wherein said compensation unit (50) com- 
prises: 

a wavelength splitter (51) which splits an input 
light wavelength multiplex signal for each 
wavelength or channel; 

a first wavelength multiplexer (54) which multi- 
plexes the light signals for each wavelength or 
channel split by said wavelength splitter (51) in 
predetermined blocks; 

a polarization mode dispersion compensation 
unit (53) which compensates polarization mode 
dispersion of the light signals multiplexed by 
said first wavelength multiplexer (54); and 
a second wavelength multiplexer (52) which 
multiplexesthelightsignalsforeach block com- 
pensated by said polarization mode dispersion 
compensation unit (53) so as to output the mul- 
tiplexed light signal. 

6. The optical transmission system according to claim 
5, wherein said first wavelength multiplexer (54) 
multiplexes the light signals having the same polar- 
ization direction in the light signals for each wave- 
length or channel split by said wavelength splitter 
(51) in predetermined blocks. 

7. The optical transmission system according to claim 
1 or 2, wherein said compensation unit (60) com- 
prises: 

a wavelength splitter (61) which splits an input 
light wavelength multiplex signal for each 
wavelength or channel; 

a polarization synthesizing unit (64) which mul- 
tiplexes the light signals having orthogonal po- 
larized lights in the light signals for each wave- 
length or channel split by said wavelength split- 
ter (61) in predetermined blocks; 
a polarization mode dispersion compensation 
unit (63) which compensates polarization mode 
dispersion of the light signals multiplexed by 
said polarization synthesizing unit (64); and 
a second wavelength multiplexer (62) which 
multiplexes the light signals for each block com- 
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pensated by said polarization mode dispersion 
compensation unit (63) so as to output the mul- 
tiplexed light signal. 

8. The optical transmission system according to any 
one of claims 1 to 7, wherein said compensation unit 
(13, 30, 40, 50, 60) is further provided at an end or 
in a vicinity of the end of said optical transmission 
line (11). 

9. The optical transmission system according to any 
one of claims 1 to 8, wherein a polarization adjust- 
ment unit (80), which makes adjustment so that the 
light signal having a polarization state where quality 
deterioration of the light signal at the end of said 
optical transmission line (11) becomes minimal is 
input, is further provided at a transmission end or in 
a vicinity of the transmission end of said optical 
transmission line (11). 

10. The optical transmission system according to any 
one of claims 3 to 9, wherein said wavelength split- 
ter (31 , 41 , 51 , 61 ) , said first wavelength multiplex- 
er (54), said second wavelength multiplexer (52), 
said wavelength multiplexer (32, 42, 62) and said 
polarization mode dispersion compensation unit 
(33, 43, 53, 63) which compose said compensation 
unit (13, 30, 40, 50, 60) are connected by polariza- 
tion maintaining fibers. 

11. The optical transmission system according to any 
one of claims 1 to 1 0, 

wherein said compensation unit (13, 30, 40, 
50, 60) or polarization mode dispersion compensa- 
tion unit comprises optical systems which compen- 
sate a light delay difference according to a polari- 
zation mode dispersion amount, 

wherein said optical receiver (10) comprises: 

a detector (23) which detects a polarization 
mode dispersion amount in said optical receiv- 
er (10); and 

a plurality of control units (22) which control 
said optical systems using the polarization 
mode dispersion amount detected by said de- 
tector (23). 

12. The optical transmission system according to any 
one of claims 1 to 11 , further comprising: 

an optical amplification polarization adjust- 
ment unit (70) which adjusts a light signal so that 
the light signal has an optimal polarization direction 
corresponding to the polarization direction of the 
optical amplification pump laser in said optical re- 
peater amplifier (12) at the later stage and synthe- 
sizes polarization and outputs the light signal to said 
optical repeater amplifier at the later stage, 

wherein at least optical amplification of said 
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optical repeater amplifier (12) at the later stage is 
performed optimally by the light signal having the 
optimal polarization direction input from said optical 
amplification polarization adjustment unit (70). 

5 

13. The optical transmission system according to claim 
12, wherein said optical amplification polarization 
adjustment unit (70) is connected to a later stage 
with respect to said compensation unit (13, 30, 40, 

50, 60). 10 

14. The optical transmission system according to any 
one of claims 1 to 11 , further comprising a minimal 
PMD set-use polarization adjustment unit (90), 
which adjusts the polarization state of the input light ^ 
signal so that the light signal having a polarization 
state where the quality deterioration of the light sig- 
nal becomes minimal is input into said optical re- 
ceiver (10), on said optical transmission line (11) . 



15. The optical transmission system according to any 
one of claims 1 to 14, wherein said compensation 
unit (13, 30, 40, 50, 60) is incorporated in said op- 
tical repeater amplifier (12). 

16. The optical transmission system according to any 
one of claims 1 to 15, wherein said compensation 
unit (13, 30, 40, 50, 60) is incorporated in said op- 
tical receiver (10). 
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